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(S) True spherical polymer partides and method for their production. 



Taie spherical fine particles of a water solu- 
ble polymer or a crossl inked product thereof, 
and a method for their production are dis- 
closed. The method comprises spray drying an 
aqueous solution of a mixture of a water- 
soluble polymer and an additive such as a 
pdyhydric alcohol or an oligosaccharide. The 
removal of the additive may be effected by 
crosslinking or washing the particles. 
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The present invention relates to true spherical particles of a water-soluble polymer or of a cross-linked 
product thereof, and a method for their production. 

True spherical particles of a water-soluble polymer have good water-retaining and lubricating properties, 
and are therefore used as additives, binders, etc. for cosmetics, medicines, food, or the like. 
5 However, as yet no easy method has been discovered for the production of true spherical particles of a 

water-soluble polymer. 

A method for the production of true spherical cellulose particles exists wherein cellulose ester is dissolved 
in a mixture of 3 types of solvents with different boiling points, the resulting solution is spray dried, while ad- 
justing the drying speed of the liquid drops to produce true spherical particles (Japanese Patent Application 
10 Disclosure No. 55-28763). 

Further, a method exists wherein cellulose acetate chips are suspended in a medium which is then evapo- 
rated to produce true spherical particles (Japanese Patent Application Disclosure No. 53-86749). 

Also, a method exists wherein a soluble cellulose derivative such as carboxymethyt cellulose sodium is di- 
rectly spray dried (Japanese Patent Application Disclosure No. 54-74855), but true spherical particles cannot 
15 be obtained by this direct spray drying alone. 

The present invention provides true spherical particles with good water-retaining and lubricating properties 
which may be used in cosmetics, etc., and a method for the production thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

Fig. 1 is a photograph showing the structure of true spherical particles of calcium alginate obtained in Ex- 
ample 1. 

Fig. 2 is a photograph showing the structure of particles of calcium alginate obtained in Comparison 1 . 
25 DETAILED DESCRIPTION OF THE INVENTION 
The present invention relates to: 

(1) a method for the production of true spherical particles of a water-soluble polymer, characterized by 
spray drying an aqueous solution containing (1) a water-soluble polymer and (2) an additive composed of 

30 an oligosaccharide or a polyhydric alcohol such as polyethylene glycol or erythritol; 

(2) a method for the production of true spherical particles of a polymer, characterized by dispersing the 
true spherical particles obtained in (1) into a solvent, and then adding a crosslinking agent thereto to in- 
solubilize the particles thereby causing precipitation thereof; 

(3) a method for the production of insoluble true spherical particles of a polymer, characterized by extract- 
35 ing the additive composed of an oligosaccharide or a polyhydric alcohol such as polyethylene glycol or 

erythritol, from the true spherical particles obtained in (1) or (2), with a solvent; 

(4) true spherical sodium alginate particles whose particle size is 0.1-30 urn; 

(5) true spherical particles of alginic acid reproduced by a mineral acid or organic acid, whose particle size 
is 0.1-30 um; 

40 (6) true spherical alginic acid particles which are ionidy-crossl inked with a divalent metallic ion, such as 

calcium ion, etc., whose particle size is 0.1-30 um; and 

(7) true spherical particles comprising an additive composed of an oligosaccharide or a polyhydric alcohol 
such as polyethylene glycol or erythritol and alginic acid which are ion icly-crossl inked with a divalent met- 
allic ion, such as calcium ion, etc., whose particle size is 0.1-30 urn. 
45 The water-soluble polymers available for use according to the present invention include for example, so- 
dium alginate, dextran, dextran sulfate sodium, carragheenan, agarose, agar, gelatin, pectin, water-soluble cel- 
lulose derivatives such as carboxymethyl cellulose sodium, etc. 

The above mentioned water-soluble polymers according to the present invention form spherical particles 
containing depressions, deformities, furrows, etc. and are not truly spherical if prepared as an aqueous solution 
so of a single composition, even when spray dried. 

Here, according to the present invention, it has become possible to obtain true spherical particles by adding 
an oligosaccharide or a polyhydric alcohol such as polyethylene glycol or erythritol as an additive to a water- 
soluble polymer, to prepare aqueous solution which is then spraydried. 

The above mentioned oligosaccharide may be, for example, mannose (a monosaccharide), sucrose, cel- 
55 lobiose (disaccharides) or raff inose (a trisaccharide). 

The adding proportion is preferably a near equal amount, for example about 80-120 parts by weight, for 
100 parts by weight of the water-soluble polymer. 

The method of spray drying may be any conventional method, for example, spraying through hot air said 
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aqueous solution containing the water-soluble polymer and the additive at a total proportion of about 0.5-3% 
by weight, and a conventional spray dryer such as, for example, a disk type or double-flow nozzle type, may 
be used. 

The disk rotation speed may be set at about 1,000-40,000 rpm. 
5 The temperature of the hot air should be a temperature required to evaporate the moisture, preferably 80- 

250°C. 

In this manner, true spherical particles of 0.1-30 um in size may be obtained. 

The fine particles obtained above are dispersed in a solvent, for example alcohol, and then a crosslinking 
agent is added thereto for crosslinking to insolubDize the particles in the water and solvent and produce a pre- 
10 cipitate. 

No limits are set on the amount of the crosslinking agent used so far as it accomplishes the ^solubilization 
of the particles. For example, 20-500 parts by weight of a crosslinking agent is added to each 100 parts by 
weight of the water-soluble polymer. 

The crosslinking agent used may be an organic crosslinking agent such as a divinyl compound or bisep- 
15 oxide, or an ionic-crosslinking agent such as calcium chloride or another divalent metal salt 

Further, said true spherical particles or their insolubilized particles may be washed with water, etc. for sol- 
vent extraction of the oligosaccharides or other added substances. 

These water-soluble and insoluble fine particles may be used in any field which utilizes the properties of 
the polymer. 

20 

[Water absorption rate measurement method] 

Approximately 0.25 g of a test sample is taken and placed into a crucible-shaped 1G5 glass filter, and 30 
ml of ion-exchange water is added thereto. 
25 The glass filter is placed in a desiccator, subjected to 50 minutes' reduced pressure of 2300 Pa, measured 
with a manometer using an aspirator. 

Next, the glass filter is removed from the dessicator, and the water in the glass f liter is removed by f Btration. 
Then a centrifuge is used at 3000 rpm for 20 minutes to further remove the water. 

Immediately after removal of the water by centrifugation, the test sample is immediately scooped out of 
30 the glass filter and weighed (a). It is then dried under reduced pressure of 50 Pa at 105°C, the absolute dry 
weight (b) is measured, and the water absorption rate is calculated according to the following equation: 



Water absorption rate (%) =/a-b\x 100 



[Specific surface area measurement method] 

40 The test sample is dried under reduced pressure of 50 Pa at 100°C for 1 hours, and the specific surface 
area is measured using a Betasotve automatic surface area meter MODEL 4200, manufactured by Nikkiso, 
Inc. 

[Particle size measurement method] 

45 

The particle size is measured using a laser light-scattering system HELOS & RODOS powder particle size 
distribution meter, manufactured by SYMPATEC Co. 

[Example 1] 

50 

Sixty grams of sodium alginate (Duckalgin NSPLL) manufactured by Kibun Food Chemrfa, Inc. and 60 g 
of sucrose (reagent special grade) manufactured by Kokusan Chemicals, Inc. were added to 6 1 of water and 
the mixture was stirred to dissolve the sodium alginate and sucrose, after which the solution was defoamed 
under reduced pressure of 2300 Pa with an aspirator to remove the air bubbles from the aqueous solution. 
55 The viscosity of the solution at this time was measured with an ultrasonic vibrating viscometer Viscomate 
(MODEL VM-1A, manufactured by Yamaichi Denki, Inc.) and found to be 26.6 cP. 

The above mentioned aqueous solution was spray dried using a mobile minor spray drier (manufactured 
by Ashizawa Niroatomizer, Inc.), and 62 g of true spherical sodium alginate/sucrose composite particles were 
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obtained. The average particle size thereof was 3.54 um, and the maximum particle size was 16.75 um. 

To the 62 g of the true spherical sodium alginate/sucrose composite particles obtained in this manner were 
added 200 ml of isopropyl alcohol, and the solution was stirred for 10 seconds with an ultradisperser (MODEL 
LK-22, manufactured by Yamato Kagaku, Inc.), to disperse the true spherical sodium alginate/sucrose com- 
5 posrte particles in the isopropyl alcohol. 

This dispersion was then introduced, while stirring, at 20°C into 500 ml of an aqueous solution of 20% by 
weight of calcium chloride (reagent special grade, anhydrous salt, manufactured by Wako Junyaku, Inc.), and 
the stirring was continued for one hour with a magnetic stirrer to crosslink the sodium alginate with calcium 
ions. 

10 Next, the dispersion was filtered through a 17G5 glass filter, the precipitate formed was dispersed in 200 
ml of water, and the resulting solution was placed in a cellulose dialysis tube, for dialysis against running water 
for 3 days. 

After removal of the water using a 17G5 glass filter, thefilter cake wasadded to 200 ml of isopropyl alcohol, 
and the solution was stirred for 10 seconds with an ultradisperser, and upon dispersion of the particles the 
is solution was allowed to stand for one hour. 

Filtration with a glass filter was repeated, followed by drying under reduced pressure of 50 Pa at 60°C. 
The properties of the true spherical calcium alginate particles obtained in this manner are listed in Table 1. 
Also, a photograph of the structure of the obtained true spherical calcium alginate particles is shown in Fig. 
1. 

20 

[Table 1] 





Table 1 




25 


Average particle size Qim] 


3.16 




Maximum particle size Qim] 


14.60 




Water absorption rate [%] 


177 


30 


Specific surface area [m2/g] 


2.58 



[Example 2] 

Sixty grams of true spherical sodium alginate/sucrose composite particles obtained in the same manner 
as in Example 1 were dispersed in 200 ml of isopropyl alcohol, in the same manner as in Example 1 , and to 
the dispersion was added 320 ml of a 6.25% by weight aqueous solution of sulfuric acid whQe stirring with a 
magnetic stirrer, and stirring was continued for one hour. 

Next, this dispersion was separated by filtration with a 1 765 glass fitter, and about 5 1 of water were poured 
over the glass f flter for washing. 

After the washed particles were dehydrated using a glass filter, they were added to 200 ml of isopropyl 
alcohol, and the solution was stirred for 10 seconds with an ultra disperser and was left to stand for one hour 
after dispersion of the particles. 

FStration with a glass f flter was repeated, followed by drying under reduced pressure of 50 Pa at 60°C to 
obtain insoluble true spherical alginic acid particles. 

[Comparison 1] 

Sixty grams of 300-400 cP (Wako grade 1) sodium alginate manufactured by Wako Junyaku, Inc. were 
added to 6 1 of water, and preparation was made of an aqueous solution (solution viscosity of 56 cP) in the 
same manner as in Example 1, and the solution was spray dried to obtain 25 g of sodium alginate particles. 

The sodium alginate particles obtained in this manner were either bowl-shaped or spherical with depres- 
sions. 

Next, the sodium alginate particles were cross! inked with calcium ions in the same manner as in Example 
1 to obtain calcium alginate particles. A photograph of the structure of these obtained calcium alginate particles 
is shown in Fig. 2. 
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[Example 3] 

Twenty grams of carboxymet hylcellulose sodium salt (Sunrose APPt84) manufactured by Sanyo Kokusaku 
Pulp, Inc. and 20 g of sucrose (reagent special grade) manufactured by Kokusan Chemicals, Inc., were added 
5 to 2 1 of water, and the mixture was stirred to dissolve t he carboxymet hylcellulose sodium salt and the sucrose. 
The viscosity of the solution at this time was measured with the same viscometer as used in Example 1 , 
and found to be 6 cP or less. 

The above mentioned aqueous solution was spray dried with the same spray drier as used in Example 1, 
to obtain 12.8 g of true spherical carboxymet hylcellulose sodium salt/sucrose composite particles. 
10 The true spherical carboxymethyl cellulose sodium salt/sucrose composite particles obtained in this man- 
ner had an average particle size of 5.72 um, and a maximum particles size of 14.02 um. 

[Comparison 2] 

15 Twenty grams of carboxymet hylcellulose sodium salt (Sunrose APP-84) manufactured by Sanyo Kokusaku 
Pulp, Inc. was added to 2 1 of water, and an aqueous solution was prepared in the same manner as in Example 

3 (solution viscosity of 6 cP or less), and 

spray drying was done under the same conditions as in Example 3 to obtain 4.7 g of carboxymethylcellulose 
sodium salt particles. 

20 The carboxymethylcellulose sodium salt particles obtained in this manner were either bowl-shaped or 
spherical with depressions. 

[Example 4] 

25 Twenty grams of dextran (M.W. = 60,000- 90,000) manufatured by Wako Junyaku, Inc. and 20 g of sucrose 

(reagent special grade) manufactured by Kokusan Chemicals, Inc., were added to 2 1 of water, and an aqueous 
solution was prepared in the same manner as in Example 3 (solution viscosity of 6 cP or less), and spray drying 
was done with the same spray dryer used in Example 1, to obtain 5.3 g of true spherical dextran/sucrose com- 
posite particles. 

30 The true spherichal dextran/sucrose composite particles obtained in this manner had an average particle 
size of 5.23 um, and a maximum particle size of 14.50 um. 

[Example 5] 

35 To 30 g of true spherical dextran/sucrose composite particles obtained in the same manner as in Example 

4 were added 300 ml of methanol, and the solution was stirred for 10 seconds with an ultradisperser to disperse 
the true spherical dextran/sucrose composite particles in the methanol. 

To this dispersion were added 50 ml of a 50% by weight aqueous solution of sodium hydroxide, and stirring 
with the ultradisperser was repeated for 10 seconds to disperse the particles, after which the solution was 
40 allowed to stand at room temperature for one day. 

Next, the precipitate from the above mentioned dispersion was filtered off with a glass f flter, and added 
to 300 ml of acetone, and dispersion was effected with an ultradisperser. 

To this was added 54 g of epichlorohydrin (reagent special grade, manufactured by Wako Junyaku, Inc.), 
and the solution was refluxed for one day with an oil bath at 70°C. 
45 The above mentioned solution was filtered with a glass filter, to obtain a precipitate of crosslinked and irv 
solubilized true spherical dextran sodium particles. 

The precipitate was added to 200 ml of a 4% by weight aqueous solution of sulfuric acid, and the solution 
was neutralized and then filtered and washed with about 4 1 of water. 

The washed particles were dehydrated using a glass filter, dispersed in 2 1 of methanol and stirred with a 
so magnetic stirrer for 5 hours, after which the solution was filtered with a glass filter and dried under reduced 
pressure of 50 Pa at 80°C to reproduce neutralized and insolubilized true spherical dextran particles. 

(Comparison 3] 

55 Twenty grams of dextran (M.W. = 60,000 - 90,000) manufactured by Wako Junyaku, Inc. were added to 2 
I of water, and an aqueous solution was prepared in the same manner as in Example 3 (solution viscosity of 
6 cP or less), and spray dried under the same conditions as in Example 4 to obtain dextran particles. 
The dextran particles obtained in this manner were bowl-shaped or spherical with depressions. 
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[Example 6] 

Twenty grams of polyvinyl pyrrolidone (K-30) manufactured by Wako Junyaku, Inc. and 20 g of sucrose 
(reagent special grade) manufactured by Kokusan Chemicals, Inc. were added to 2 1 of water, to prepare an 
5 aqueous solution in the same manner as in Example 3 (solution viscosity of 6 cP or less), and spray drying 
was done under the same conditions in Example 3 to obtain 9.8 g of true spherical polyvinyl pyrrol idone/sucrose 
composite particles. 

The true spherical polyvinyl pyrrolidone/sucrose composite particles obtained in this manner had an aver- 
age particle size of 4.40 urn, and a maximum particle size of 12.40 um. 

10 

[Comparison 4] 

Twenty grams of polyvinyl pyrrolidone (K-30) manufactured by Wako Junyaku, Inc. were added to 2 I of 
water to prepare an aqueous solution in the same manner as in Example 3 (solution viscosity of 6 cP or less), 
15 and spray drying was done under the same conditions in Example 3 to obtain polyvinyl pyrrolidone particles. 

The polyvinyl pyrrolidone particles obtained in this manner were bowl-shaped or spherical with depres- 
sions. 

[Example 7] 

20 

Twenty grams of dextran sulfate sodium (from dextran with an average M.W. of 5000) manufactured by 
Sigma Chemical Co. and 20 g of sucrose (reagent special grade) manufactured by Kokusan Chemicals, Inc. 
were added to 2 1 of water to prepare an aqueous solution in the same manner as in Example 3 (solution vis- 
cosity of 6 cP or less), and spray drying was done under the same conditions in Example 3 to obtain 12.1 g 
25 of true spherical dextran sulfate sodium/sucrose composite particles. 

The true spherical dextran sulfate sodium/sucrose composite particles obtained in this manner had an 
average particle size of 5.03 um, and a maximum particle size of 13.23 urn. 

[Comparison 5] 

30 

Fifty grams of dextran sulfate sodium (from dextran with an average M.W. of 5000) manufactured by Sigma 
Chemical Co. were added to 5 1 of water to prepare an aqueous solution in the same manner as in Example 3 
(solution viscosity of 6 cP or less), and spray drying was done under the same conditions in Example 3 to obtain 
18.0 g of dextran sulfate sodium particles. 
35 The dextran sulfate sodium particles obtained in this manner were bowl-shaped or spherical with depres- 
sions. 

[Example 8] 

40 Ten grams of pullulan (MW: ca. 200,000) manufactured by Tokyo Kasei, Inc. and 10 g of sucrose (reagent 
special grade) manufactured by Kokusan Chemicals, Inc. were added to 1 I of water to prepare an aqueous 
solution in the same manner as in Example 3 (solution viscosity of 6 cP or less), and spray drying was done 
under the same conditions in Example 3 to obtain 5.1 g of true spherical pullulan/sucrose composite particles. 
The true spherical pullulan/sucrose composite particles obtained in this manner had an average particle 

45 size of 7.67 um, and a maximum particle size of 20.28 um. 

[Comparison 6] 

Ten grams of pullulan (M.W.: ca. 200,000) manufactured by Tokyo Kasei, Inc. were added to 1 1 of water 
so to prepare an aqueous solution in the same manner as in Example 3 (solution viscosity of 6 cP or less), and 
spray drying was done under the same conditions in Example 3 to obtain 3.4 g of pullulan particles. 
The pullulan particles obtained in this manner were bowl-shaped or spherical with depressions. 

[Example 9] 

55 

Ten grams of carragheenan (M.W. = 300,000) manufactured by Tokyo Kasei, Inc. and 1 0 g of sucrose (re- 
agent special grade) manufactured by Kokusan Chemicals, Inc. were added to 1 1 of water, to prepare an aqu- 
eous solution in the same manner as in Example 1 (solution viscosity of 43.1 cP), and spray drying was done 
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under the same conditions in Example 3 to obtain 7.6 g of true spherical carragheenan/sucrose composite par- 
ticles. 

The true spherical carragheenan/sucrose composite particles obtained in this manner had an average par- 
ticle size of 9.60 urn, and a maximum particle size of 29.11 urn. 

5 

[Comparison 7] 

Twenty-five grams of carragheenan (M.W. = 300,000) manufactured by Tokyo Kasei, Inc. were added to 
2.5 1 of water to prepare an aqueous solution in the same manner as in Example 1 (solution viscosity of 32.9 
10 cP), and spray drying was done under the same conditions in Example 3 to obtain 10.9 g of carragheenan 
particles. 

The carragheenan particles obtained in this manner were bowl-shaped or spherical with depressions. 
[Example 10] 

15 

One gram of agarose (SEA KEM ME) manufactured by FMC Corporation and 1.0 g of sucrose (reagent 
special grade) manufactured by Kokusan Chemicals, Inc. were added to 2 I of water, and stirring was done 
while heating with a water bath at about 90°C (Water Bath MODEL BM-42, manufactured by Yamato Kagaku, 
Inc.) to dissolve the agarose and sucrose. 
20 The above mentioned aqueous solution was then heated in a 73-76°C water bath, while spray drying with 

the spray dryer used in Example 1, to obtain 0.5 g of true spherical agarose/sucrose particles. The true sphe- 
rical aga rose/sucrose composite particles obtained in this manner had an average particle size of 3.34 um, 
and a maximum particle size of 7.40 um. 

25 [Comparison 8] 

One gram of agarose (SEA KEM ME) manufactured by FMC Corporation was added to 2 1 of water to pre- 
pare an aqueous solution in the same manner as in Example 10. 

The above mentioned aqueous solution was spray dried under the same conditions in Example 10 while 
30 heating with a 73-76°C water bath, to obtain agarose particles. 

The agarose particles obtained in this manner were bowl-shaped, or spherical with large depressions. 

[Example 11] 

35 Ten grams of chitosan (90 M, for biochemical use) and 5.3 g of monochloroacetjc acid (reagent special 
grade), both manufactured by Wako Junyaku, Inc., and 10 g of sucrose (reagent special grade) manufactured 
by Kokusan Chemicals, Inc. were added to 1 1 of water to prepare an aqueous solution in the same manner as 
in Example 1 (solution viscosity of 83.6 cP), and spray drying was done under the same conditions in Example 
1 to obtain 8.9 g of true spherical chitosan/monochloroacetic acid/sucrose composite particles. 

40 The true spherical chitosan/monochloroacetic acid/sucrose composite particles obtained in this manner 

had an average particle size of 8.73 um, and a maximum particle size of 22.15 um. 

[Comparison 9] 

45 Ten grams of chitosan (90 M, for biochemical use) and 5.3 g of monochloroacetic acid (reagent special 

grade), both manufactured by Wako Junyaku, Inc., were added to 1 1 of water to prepare an aqueous solution 
in the same manner as in Example 1 (solution viscosity of 80.0 cP), and spray drying was done under the same 
conditions in Example 1 to obtain 5.0 g of chitosan/monochloroacetic acid composite particles. 

The chitosan/monochloroacetic acid composite particles obtained in this manner were spherical but con- 
st) tained wrinkles. 

[Example 12] 

Ten grams of sodium alginate (DuckaJgin NSPLL) manufactured by Kibun Food Chemifa, Inc. and 10 g of 
55 D(+) man nose (reagent special grade) manufactured by Wako Junyaku, Inc. were added to 1 1 of water to pre- 
pare an aqueous solution in the same manner as in Example 1 (solution viscosity of 30.6 cP), and spray drying 
was done under the same conditions in Example 1 to obtain 4.1 g of true spherical sodium alg in ate/man nose 
composite particles. 
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The true spherical sodium alginate/mannose composite particles obtained in this manner had an average 
particle size of 4.71 urn, and a maximum particle size of 20.60 um. 

[Example 13] 

5 

Ten grams of sodium alginate (Duckalgin NSPLL) manufactured by Kibun Food Chemifa, Inc. and 10 g of 
D(+) raff inose pentahydrate manufactured by Tokyo Kasei, Inc. were added to 1 1 of water to prepare an aqu- 
eous solution in the same manner as in Example 1 (solution viscosity of 30.1 cP), and spray drying was done 
under the same conditions in Example 1 to obtain 9.6 g of true spherical sodium alginate/raff inose composite 
10 particles. 

The true spherical sodium alginate/raff inose composite particles obtained in this manner had an average 
particle size of 5.15 um, and a maximum particle size of 24.62 urn. 

[Example 14] 

15 

Twenty grams of sodium alginate (Duckalgin NSPLL) manufactured by Kibun Food Chemifa, Inc. and 20 
g of erythritol manufactured by Mitsubishi Kasei, Inc. were added to 2 1 of water to prepare an aqueous solution 
in the same manner as in Example 1 (solution viscosity of 28.8 cP), and spray drying was done with the same 
spray dryer as in Example 1, to obtain 5.9 g of true spherical sodium alginate/erythritol composite particles. 
20 The true spherical sodium alginate/erythritol composite particles obtained in this manner had an average 
particle size of 3.07 um, and a maximum particle size of 14.27 urn. 

[Example 15] 

25 Twenty grams of sodium alginate (Duckalgin NSPLL) manufactured by Kibun Food Chemifa, Inc. and 20 
g of polyethylene glycol (#6000) manufactured by Kokusan Chemicals, Inc. were added to 2 1 of water to prepare 
an aqueous solution in the same manner as in Example 1 (solution viscosity of 32.2 cP), and spray drying was 
done wit h the same spray dryer as in Example 1 , to obtain 0.3 g of true spherical sodium alginate/polyethylene 
glycol composite particles. 

so The true spherical sodium alginate/polyethylene glycol composite particles obtained in this manner had 
an average particle size of 2.96 um, and a maximum particle size of 6.37 um. 

[Example 16] 

35 Ten grams of sodium alginate (Duckalgin NSPLL) manufactured by Kibun Food Chemifa, Inc. and 10 g of 
0-D(+) cellobiose manufactured by Sigma Chemical Co. were added to 1 1 of water to prepare an aqueous sol- 
ution in the same manner as in Example 1 (solution viscosity 30.8 cP), and spray drying was done with the 
same spray dryer as in Example 1, to obtain true spherical sodium alginate/cellobiose composite particles. 
The true spherical sodium alginate/cellobiose composite particles obtained in this manner had an average 
40 particle size of 4.31 um, and a maximum particle size of 16.41 um. 

As described above, according to the present invention it is possible to efficiently produce true spherical 
fine particles of 0.1 - 30 um. 

[Example 17] 

45 

The 60g of the true spherical sodium alginate/sucrose composite particles obtained in the same manner 
as in Example 1 were added to 500 ml of an aqueous solution of 20% by weight of calcium chloride (reagent 
special grade, anhydrous salt, manufactured by Wako Junyaku, Inc.) at 20°C, while stirring, and the stirring 
was continued for one hour with a magnetic stirrer to crosslink the sodium alginate with calcium ions. 
so Next, the dispersion was filtered through a 1765 glass filter, the precipitate formed was dispersed in 200 
ml of water, and the resulting solution was placed in a cellulose dialysis tube, for dialysis against runnung water 
for 3 days. 

After removal of the water using a 17G5 glass filter, the filter cake was added to 200 ml of isopropyl alcohol, 
and the solution was stirred for 10 seconds with an ultradisperser, and upon dispersion of the particles the 
55 solution was allowed to stand for on hour. 

FBtration with a glass fnter was repeated, followed by drying under reduced pressure of 50 Pa at 60°C. 
The properties of the true spherical calcium alginate particles obtained in this manner are listed in table 

2. 
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[Table 2] 





Average particle size [urn] 


3.36 


5 


Maximum particle size [urn] 


15.2 




Water absorption ratio [%] 


1.68 




Specific surface area [rrftg] 


2.25 



10 



Claims 

1. A method for the production of true spherical particles of a water-soluble polymer, characterized by spray 
15 drying an aqueous solution containing (1) a water-soluble polymer and (2) an additive composed of an 

oligosaccharide or a pdyhydric alcohol such as polyethylene glycol or erythritol, dissolved therein. 

2. A method for the production of true spherical particles of a polymer comprising dispersing the true sphe- 
rical particles obtained according to Claim 1 into a solvent, and then adding a crosslinking agent thereto 

20 to insolubilize the particles thereby causing precipitation thereof. 

3. A method for the production of true spherical particles of an insoluble polymer comprising extracting the 
additive composed of an oligosaccharide or other poryhydric alcohol, from the true spherical particles ob- 
tained according to Claim 1 or 2, with a solvent 

25 

4. True spherical sodium alginate particles whose particle size is 0.1-30 urn. 

5. True spherical alginic acid particles reproduced by a mineral acid or organic acid, whose particle size is 
0.1-30 um. 

30 6. True spherical alginic acid particles which are ionicly-crosslinked with a divalent metallic ion whose par- 
ticle size is 0.1-30 um. 

7. Particles according to claim 6 wherein the divalent metallic ion comprises calcium. 

35 8. True spherical particles composed of an oligosaccharide or other polyhydric alcohol and alginic acid, 
which is crosslinked with calcium ions, and whose particle size is 0.1-30 um. 
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